Introduction
Rapid changes in the dissociation rate of excited nominally-bound states can occur in the vicinity of dissociation limits, because of the opening of a new direct dissociation channel. This frequently leads to the onset of noticeable broadening of lines in high-resolution absorption spectra or the breaking off of rotational structure when viewed in emission. Similarly abrupt changes may occur away from any dissociation limit due to indirect predissociation. In this case one or a few rotational levels of an excited state may be affected by a level crossing with another bound state, resonantly facilitating decay into a third, unbound, state.
One molecule where predissociation dominates the direct dissociation mechanism is N 2 , whose excited states have been well studied in absorption [1] [2] [3] [4] [5] [6] [7] [8] , emission [9] [10] [11] , and by electron excitation [12] [13] [14] . In all cases, there is no significant continuum component to the observed spectra for transitions below the ionisation energy at 126 000 cm −1 . Instead, the optically allowed spectrum beginning at 100 800 cm −1 comprises sharply defined vibrationalrotational lines. The potential-energy curves depicting the excited Potential energy (cm series. Two of these series form an L-uncoupling np-complex convergent on the X 2 + g ground state of the ion [15] and are idiosyncratically labelled c n The states of N 2 within each symmetry class are strongly electronically coupled, with mutual interaction energies up to 1000 cm −1 [16, 17] . These induce significant level shifts of entire vibrational bands, visible in Fig. 1 wherever there is a near degeneracy of valence and Rydberg states. Rotational interactions are also known to mix the 1 u and 1 + u states, leading to energy-level perturbations near crossing points in their rotational progressions, and accompanying intensity interference effects [5, 6, 18] .
Nearly all of the excited levels depicted in Fig. 1 are known to be predissociated to a greater or lesser degree, as evidenced by the appearance of broadened absorption lines or the suppression of emission in the above experimental references, or by direct lifetime measurement [19] [20] [21] . Predissociation-relevant data may also be obtained by the detection of dissociation fragments, with additional information arising from the discrimination of atomic excitation states [22] [23] [24] [25] [26] .
No predissociation of singlet states has been observed leading to the N( 4 S) + N( 4 S) ground-state dissociation limit, because of the lack of a dissociative molecular state of appropriate symmetry [27] . Instead, the first excited limit N( 4 S) + N( 2 D) at 99 100 cm −1 provides the relevant threshold with two ungerade states of triplet symmetry, C [28] , dissociating to this limit. Lewis et al. [29, 30] quantified a mechanism whereby spin-orbit coupling of 1 u states with unbound triplet levels leads to their predissociation below 106 000 cm −1 . This required further inclusion of a bound triplet state, C 3 u , whose levels mediate the vibrationally varying predissociation rates of nearby 1 u levels, [29, 31] . The interactions of higher-lying 1 u and 3 u states are well documented [14, 28, 32, 33] and these no doubt provide an explanation for much of the observed 1 u predissociation above 106 000 cm −1 .
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Dissociation products corresponding to the N( 4 S) + N( 4 P ) limit at 108 700 cm −1 have been observed in the laboratory and the branching between this and the N( 4 S) + N( 2 D) limit shows vibrational and rotational dependence [22, 23] . Ab initio calculations [34, 35] show multiple ungerade triplet levels dissociating to N( 4 S) + N( 4 P ) which may provide a further spin-orbit mediated mechanism for 1 u predissociation, but this has yet to be quantified. Optically-allowed ground-state excitation into a continuum is finally allowed for transitions into the b In this paper, we have quantified an accidental predissociation mechanism for the highly-excited state b
have previously been recorded by photographic means [36, 37] allowing high-precision measurements of the excited state level energies but no quantitative information regarding transition linewidths. However, this band was not observed in the extensive emission studies of Roncin et al. [10, 38] u states do [35, 39] . However, the resonant dissociation phenomena and methodologies presented here are quite closely related to the study of indirect dissociative recombination.
Experimental predissociation linewidths
An absorption spectrum of b (20) ← X(0) was recorded on the DESIRS beamline stationed at the SOLEIL synchrotron. This employed a unique Fourier-transform spectrometer capable of operating at vacuum ultraviolet (VUV) wavelengths at high resolution, with a design elucidated in detail by de Oliveira et al. [40, 41] . The interferometer is based on wavefront division, employs only reflective optical elements, and may be operated at VUV wavelengths where transmitting beam splitters are unavailable. The ultimate resolution achievable by the instrument is 0.075 cm −1 full-width at halfmaximum (FWHM) and is limited by the maximum displacement of its travelling reflector. A lower resolution of 0.27 cm −1 FWHM was selected for this experiment in order to improve the signal-tonoise ratio of the measurement and reduce the deleterious systematic effects heightened by an increased mechanical travel. The origin of the latter effects is imprecisely understood but have been noted to result in an inaccurate background transmittance in a previous experiment [42] . Based on this previous analysis, the additional uncertainty imposed on our measured linewidths by this mechanism is a few percent at most.
The absorption spectrum of b (20) ← X(0) was recorded at multiple pressures, and the two analysed scans are shown in Fig. 2 . The strongest lines are not saturated in the lower-column density scan, while the higher-column scan highlights the weaker features in the band. The sample N 2 gas was constantly flowing through a differentially-pumped cell and an absolute measurement of the observed column densities was not possible. However, these are estimated to be about 1. the low-and high-pressure measurements, respectively. This is based on a comparison of another band, b (18) ← X(0), appearing elsewhere in the spectra with its known absolute oscillator strength [6] . The measured spectrum was reduced to spectroscopic parameters describing each rotational line: a transition wavenumber, integrated cross section, and natural linewidth. This was done by a leastsquares fitting algorithm which iteratively compared a synthetic absorption spectrum with the raw measurements, as described in more detail by Heays et al. [42] . The fitting of the spectrum required consideration of the Doppler broadening of the room temperature spectrum, with a FWHM of 0.27 cm −1 , and the sinc function instrumental broadening typical of interferometers, also with FWHM 0.27 cm −1 . The combination of instrumental and Doppler broadening limit the observation of natural linewidths to those greater than 0.1 cm −1 FWHM. The line centres of narrow unblended features could be determined with a statistical uncertainty of about 0.02 cm −1 , which gives a slight improvement over previous highresolution measurements of this band [36, 37] .
Not all of the absorption line parameters were fitted independently. The combination differences of the P -and R-branch lines terminating on a common rotational level were fixed by reference ground state term values [43] . Similarly, the natural linewidths of common upper-state lines were fixed to one another. These widths are attributed purely to the dissociative decay of the excited levels, with the contribution from radiative-decay estimated to be less than 0.01 cm −1 FWHM, based on an experimentally deduced b (20) ← X(0) oscillator strength [44] .
The experimental linewidths are plotted in Fig. 3 as a function of excited-state angular-momentum quantum number, J , and the measured term values are shown in Fig. 4 in a reduced form. Three noteworthy features are apparent with respect to the measured linewidths: the J = 0 linewidth is above the 0.1 cm −1 FWHM detection limit of the instrument; the linewidths increase with rotational angular momentum; and there is a broad localised peak around J = 9 and 10. 
Predissociation model
Here we present an application of a coupled-channel model of In the Born-Oppenheimer approximation of a diatomic molecule, the electronic and vibrational motions are assumed independent [46] . Then, the molecular wavefunction, i (r, R), may be separated into a factor, (R)/R, which varies with internuclear-distance coordinate, R, only and another, (r; R), dependent on the coordinates of the electrons, r, and only gradually varying with R. That is,
The conceptual simplicity of this picture works well to explain the general features of diatomic systems and provides for a convenient strategy for the calculation of molecular wavefunctions. The ab initio calculations of electronic wavefunctions, (r; R), in the adiabatic approximation of motionless nuclei are within the reach of modern quantum chemistry, and have been performed for many excited states of N 2 [17, 34, 35, 47] . Then, a reduction of the full calculated electronic wavefunctions to diabatic potential-energy curves, V (R), such as those in Fig. 1 provides the necessary information for the calculation of (R) in Eq. (1). This is the solution of the radial Schrödinger equation [46] ,
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The resultant bound-state energies, E, for which asymptotically bounded solutions to this equation exist may be directly compared with measured transition frequencies. The addition of a centrifugal barrier term to the potential-energy curves can be used to account for rotational excitation [48] . For the case of N 2 , Born-Oppenheimer wavefunctions do not reproduce the observed 1 u and 1 + u spectrum very well because of the large electronic perturbations mixing the diabatic states [17, 49] and insufficient accuracy of the potential-energy curves. An improved theory extends the wavefunction in Eq.
(1) to a linear combination of electronic-vibrational products [48, 50] ,
The radial functions, ij (R), are now a set of i independent internuclear-distance dependent mixing coefficients combining all interacting electronic states, indexed by j . These are given by the solutions of a set of coupled Schrödinger equations, replacing Eq. (2),
The diagonal elements of V kj (R), with k = j , comprise the same Born-Oppenheimer potential-energy curves as in Eq. (2), while off-diagonal elements allow for the introduction of interaction energies coupling different electronic states k = j . Physical solutions of Eq. (4) will only exist at particular eigen-energies for the case of coupled electronic states which are all bound. However, the diagonal radial wavefunction, ii , of an unbound electronic state, i , will asymptotically approach that of a free particle for any value of E [48, 51] . The off-diagonal elements ij , with i = j , will introduce a localised admixture of bound molecular states into the unbound solution at small internuclear distances. Predissociated bound levels appear as resonances of these off-diagonal elements in the continuous-with-energy spectrum of Eq. (4). The FWHM, , of such a resonance expressed in wavenumbers is inversely related to its predissociation lifetime according to
Bound-state resonances are identified in a modelled photoabsorption cross section in our calculations. For this, the excitation of the b 1 u continuum from the ground state for transition wavenumber ν is calculated according to
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Here, J and J are the ground and excited-state rotational quantum numbers, respectively, the summation enumerated by j is made over all 1 u and 1 + u states. This includes symmetry-dependent Hönl-London rotational line-strength factors [52] , S jXJ J , a ground-state v = 0 wavefunction, X (R), and an internuclear-distance parameterisation of the electronic transition moment, R e jX (R) [31, 42, 45] . The predissociation of excited levels is quite independent of the excitation mechanism. Then, the methodology and results presented here with respect to photoabsorption are equally valid when dissociation occurs for excited states populated by recombination or other means.
The detailed deduction of the N 2 potential-energy curves and state interactions employed in the present model has been discussed elsewhere [31, 42] . These are based on the potential-energy curves and electronic interactions of Spelsberg and Meyer [17] and have been extended and modified to better agree with a large database of N 2 spectroscopic information. Rotational interactions were included in our model and are critical to the subject of this paper, the predissociation of the b (20) [31] . At the onset of our analysis, a model optimised to reproduce the experimental level energies of (6) and converted into a spectrum comparable with our laboratory measurements and plotted in Fig. 2 . For this, a column density matching the high-pressure experimental spectrum was adopted, the calculated absorption lines broadened by convolution with a sinc function appropriate for the instrumental resolution, and each rotational transition was weighted according to a 300 K thermal distribution of ground-state levels. The locations of lines in the modelled and observed spectra agree very well, as does the majority of their general width and line-strength behaviour. Because the modelled widths of the highest rotational transitions are significantly narrower than in reality, but have the correct integrated cross sections, they have greater peak optical depths than the experiment.
To further assess the underlying cause of the b (20) perturbation, the calculated coupled radial wavefunctions, bj (R), were used to estimate the mixing of electronic character from other states into each b (20) rotational level. For this, non-rigorous but illustrative mixing coefficients were calculated from solutions of Eq. (4) with E corresponding to the b (20) resonance line centres, according to
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and the integration is carried out over a range of internuclear distance encompassing the classical turning points of all bound coupled states. Coefficients calculated according to Eq. 
Conclusion
The predissociation linewidths of the b [28, 34, 35] . Additionally, the rapid increase of b (20) linewidths for J > 0 suggests a rotationaluncoupling mechanism [46] and is more difficult to explain. All possible L-uncoupling 
